The aim of this paper is to better understand the correspondence between classical plane waves propagating in each layer of an anisotropic periodically multilayered medium and Floquet waves. The last are linear combinations of the classical plane waves. Their wave number is obtained from the eigenvalues of the transfer matrix of one cell of the medium. A Floquet polarization which varies with its position in the periodically multilayered medium has been defined. This allows one to define a Floquet wave displacement by analogy with the displacement of classical plane waves, and to check the equality of the two displacements at any interface separating two layers. The periodically multilayered medium is then an equivalent material, considered as homogeneous, and one can draw dispersion curves and slowness surfaces which are dispersive. In the low-frequency range, when the relation between the Floquet wave numbers and the frequency is linear, the multilayered medium can be homogenized; the Floquet polarization at different interfaces tends to a limit which is the polarization of the classical plane wave in the homogenized medium.
quency) or nonpropagative waves which correspond to the stopping bands of the Brillouin's dispersion spectrum. The displacements of these waves which are Floquet waves can also be divided into plane~strain and antiplane-strain movements. For orthotropic layers oriented in a plane of symmetry, four Floquet waves are enough to describe the behavior of the plane strains of the stratified medium, from a fourthorder dispersion equation for which the algebraic solution is given in Ref. 15 Here we treat the case of a multilayered medium in which all the layers are anisotropic and arbitrary oriented. The first aim of this paper is to be more specific about the correspondence between Floquet wave displacement and classical wave displacement, at any interface of the multilayered medium. A Floquet polarization vector can then be defined at any interface separating two successive layers. By analogy with classical plane-wave displacement, one can define Floquet wave displacement and check the identity between these two displacements at the interface separating two successive layers. The notion of an equivalent medium to the periodically multilayered medium is then stronger and dispersion curves and slowness surfaces can be drawn. An interesting case is the one of the behavior of the multilayered medium in the long-wavelength domain. By reconstructing the time echographic signal, it can be shown that the periodically multilayered medium behaves like an homogeneous medium.
I. FORMALISM OF FLOQUET WAVES
Let us consider a periodically multilayered medium which is a reproduction of P superlayers, each one made by the stacking of Q distinct anisotropic media (see Fig. 1 ). Media 0 and N+! above and below the periodically multilayered medium are semi-infinite. We study the acoustic propagation of waves which are generated by an oblique incident wave propagating in the media 0.
Let 
We then have six Floquet waves which correspond to the classical plane waves propagating in an infinite periodically multilayered medium, considered as an homogeneous material. 1537,19 Equation ( We have just demonstrated that a Floquet polarization vector which is different according to its position in the multilayered medium enables us to write, by analogy with the classical plane waves, a displacement of the Floquet waves. As the Floquet waves are linear combinations of the classical plane waves in each layer, the displacement of the latter is equal to the one of the Floquet waves. Defining a Floquet polarization vector permits one to check it. This result can be found again in a physical way: indeed, if we choose boundary conditions at the first interface of the multilayered medium in order to have only one Floquet wave propagating, we will again find the same boundary conditions at the interface separating the first superlayer from the next, since the Floquet waves are propagation modes of the infinite periodically multilayered medium.
E. Results
We can now assess our results on Floquet waves and classical plane waves. Just as classical plane waves, Floquet waves are the modes of the infinite medium in which they propagate. Moreover, when each layer of the multilayered medium is a monoclinic crystal system medium with a second-order axis perpendicular to the interfaces, the multilayered medium also has a second-order axis perpendicular to the interfaces. In such a medium, the waves propagate in the same way in two opposite directions, 4 and then the com- Table II ) for these two materials. Both have the properties of tetragonal crystal system (1) For a carbon/epoxy 00/90 ø multilayered medium, Table II propagating in it are the same whatever the position in the medium is. In this case, the polarization of the Floquet wave (/•) tends to a limit which is the polarization of the classical plane wave in the homogenized medium. Then, for the 0ø/ 90 ø medium studied in the former paragraph, we have seen that the slowness surfaces were the same as those of the homogenized material until 2.5 MHz (see Fig. 3 ). Yet, the For incidences higher than 8 ø , the curves become less and less legible because of time overlaps and interferences, as is shown in Fig. 11(a) in a low-frequency range, it behaves as if it was homogenized. In order make these results explicit, we have reconstructed the reflected and transmitted time signals in the same conditions as previously, but this time for an homogenized layer of carbon/epoxy, so as to eliminate the different interferences due to the layered structure of the composite material. The elastic constants used are those of Table II, calculated by Lhermitte. 21 Figure 9 (b) presents the transmitted time signals for an homogenized layer 10.92 mm thick, stimulated by an incident wave of which the central frequency is 2.5 MHz, for incident angle equal to 8 ø, which corresponds to a multilayered medium made up of 42 superlayers. At 8 ø, we obtain the same transmitted echoes as those in Fig. 9(a) . was to understand the correspondence between classical plane waves and Floquet waves better. Defining a Floquet polarization vector which is different according to the layer and to its position permits expressing the Floquet wave displacement, which is of course a real displacement, by a formalism very similar to the one used for the classical plane waves. Then we checked that the Floquet polarization vector is unchanged by a translation of the period of the multilayered medium, by demonstrating that the Floquet wave displacement vector is equal, at each interface separating two successive layers, to the plane wave displacement in the layer at the same interface. The propagation of Floquet waves in a multilayered medium is then very similar to the propagation in an homogeneous medium and one can draw dispersion curves and slowness surfaces as a function of the frequency. For some stopping bands in frequency, the Floquet waves are no longer propagative, which occurs for a complex Floquet slowness vector. On the other hand, Floquet waves can be propagative though classical plane waves in one layer are not propagative: the reconstruction of inhomogeneous classical plane waves then gives propagative Floquet waves. When the multilayered medium gets a secondorder axis perpendicular to its interfaces, the dispersion curves and the slowness surfaces are symmetrical to the axis parallel to the interfaces. When the relation between the Floquet wave number and the frequency is linear, the multilayered medium can be considered as homogeneous. Indeed, the reconstruction of the time echographic signal of a carbon/ epoxy 0o/90 ø material shows that when this multilayered medium is stimulated in a low-frequency range, it behaves as an homogenized medium of the same thickness: there is propagation of quasilongitudinal and quasitransversal Floquet waves and disappearance after the first critical angle of the quasilongitudinal wave. The reconstruction of the time signal for one homogenized layer of carbon/epoxy gives the same results. The Floquet polarization vector at different interfaces tends to a limit which is the polarization vector of the classical plane wave in the homogenized medium.
